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Abstract 
Objective: To identify specific predominant rugoscopy and dactyloscopy patterns in 
children associated with malocclusion and dental caries for the predilection of 
malocclusion and dental caries. Material and Methods: 800 children between 8-16 
years were screened and among them, 150 were who met inclusion criteria were selected 
and divided into 2 Groups. Based on Angle’s malocclusion, Group 1 (n = 90) was 
subdivided into Group 1A (30 - Class I), 1B (30 - Class II) and 1C (30 - Class III). Based 
on DMFT, Group 2 (n = 60) were subdivided as Group 2A (30 - Caries free) and 2B (30 
- Caries active). Both Groups had an equal distribution of boys and girls. Finger and 
palm prints were analyzed using Cummins and Midlo; rugae patterns were analyzed 
using Thomas and Kotze classification. The obtained data were subjected to statistical 
analysis using Chi-square test. Results: Based on dermatoglyphics, predominant loop 
pattern was observed in all the subgroups of Group 1 (1A, 1B and 1C). Based on rugae 
pattern, predominant wavy pattern in Group 1A and curved pattern in both 1B and 1C 
were observed. In Group 2, loop dermatoglyphic pattern and wavy rugae pattern were 
predominant in Groups 2A and 2B. Atd angle was highest in Groups 1A (41.60) and 2B 
(42.36). Gender distribution showed curved pattern of palatal rugae in Group 2B (Caries 
active) females. Statistical significance was seen in dactyloscopy and rugoscopy patterns 
among both Group I and Group II (p<0.05). Conclusion: The curved rugae pattern in 
Group 1B and 1C can be considered as a predictor in Class II and Class III 
malocclusions. Gender differentiation showed predominant curved pattern in females of 
Group 2B (Caries active). 
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Introduction 
Malocclusion and dental caries are one of the most common dental diseases with hereditary 
and environmental factors as contributing agents [1]. Dental caries is still the most prevalent 
chronic disease seen in children worldwide and affecting many adults [2]. The effect of 
environmental and genetic factors contributing to caries can vary significantly on individual basis, 
which creates an elaborate multifactorial etiology [1,2]. Dental caries is a chronic condition 
affecting children at a very young age and the progression of dental caries results in pain, difficulty 
in chewing, decreased intake of diet which weakens the child and pulpal involvement with 
periapical lesions involving the permanent tooth bud, can lead to loss of tooth structure which 
effects mastication and speech [3]. 
Malocclusion is the deviation from normal occlusion, which results in misalignment of the 
teeth, mal-positioning of the jaws, or a combination of both, can produce detrimental effects on 
overall facial aesthetics, depending on the severity [1]. Malocclusion may result in abnormal oral 
habits in children and affects the normal function leading to problems such as jaw deviation, 
crossbite, deep bite, open bite, crowding, dental caries, gingival and periodontal problems [4]. 
The term "Dermatoglyphics", proposed by Harold Cummins (1926), originated from two 
Greek words "Dermato" means skin and "Glyphic" meaning carving [5,6]. By using 
dermatoglyphics the clinician can predict genetic disorders in individuals at an early age, which 
helps in prevention and aids in the initiation of protective health measures [5]. 
Similar to dermal ridges, palatine rugae are also unique to each person and can establish 
identity through discrimination (via casts, tracings or digitized rugae patterns) [6]. Palatal rugae 
are irregular fibrous connective tissue folds located on anterior third of palate on either side of mid 
palatine raphae and are called as plica palatine [7]. This pattern is unique and analogous to an 
individual, which can be used in identity fixation [8]. Though there are many preventive measures, 
the basis for using dermatoglyphics and palatal rugae as genetic markers is that the epithelium of 
finger buds, as well as enamel and rugae have same ectodermal origin [9]. 
Untreated malocclusions and dental caries may have psychological impact on child’s health 
[4]. Scientific researchers have shown that no two individuals have similar dactyloscopy or 
rugoscopy patterns and are associated with diagnosing genetically associated conditions [1]. As 
malocclusion and dental caries are associated with genetic inheritance early identification of these 
conditions by noninvasive methods like dactyloscopy and rugoscopy may be beneficial. Hence, the 
aim of the present study was to identify a specific predominant pattern of palatal rugae (Rugoscopy) 
and fingerprints (Dactyloscopy) in children with malocclusion and dental caries for the predilection 
of malocclusion and dental caries.  
 
Material and Methods 
Population Selection 
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A total of 800 children aged between 8-16 years who attended the Outpatient Department 
of Pedodontics and Preventive Dentistry were screened for different types of malocclusion and 
dental caries from May 2016 to October 2016 and among them, 150 children who met inclusion 
criteria were selected. 
 
Inclusion and exclusion Criteria for Group 1 (Malocclusion) 
Based on Angle’s classification of malocclusion i.e., class I, class II and class III children 
were selected. Children who underwent orthodontic treatment and who were under orthodontic 
treatment were excluded from the study. 
 
Inclusion and exclusion Criteria for Group 2 (Dental Caries) 
Normal, healthy children with DMFT score more than or equal to two were included in the 
caries-active group and Caries-free group consisted of normal, healthy children without any dental 
caries (DMFT - 0). Children with cleft lip and palate, supernumerary teeth and medically 
compromised conditions were excluded from the study. 
A total of 150 children who fulfilled the inclusion criteria were selected and divided into 
two groups. Group 1 consisted of 90 children depending on malocclusion type; Group 2 consisted 
of 60 children depending on the presence or absence of dental caries. There was equal distribution 
of boys and girls in both the groups. 
 
Study Size 
Based on 95% confidence level and 5% error a sample size of 150 were selected with 90 
children in malocclusion and 60 children in dental caries group. 
 
Group 1: The selected 90 children with malocclusion were further divided into three subgroups 
according to type of malocclusion. 
• Group 1A: 30 children with class I malocclusion (15 boys, 15 girls) 
• Group 1B: 30 children with class II malocclusion (15 boys, 15 girls) 
• Group 1C: 30 children with class III malocclusion (15 boys, 15 girls) 
 
Group 2: The selected 60 children were further divided into two subgroups based on 
presence/absence of dental caries according to DMFT score (0) in Group 2A and DMFT (>2 or 
more) in Group 2B. 
• Group 2A: 30 children caries free (15 boys, 15 girls) 
• Group 2B: 30 children caries  active (15 boys, 15 girls) 
 
Procedure for Analyzing Palatal Rugae (Rugoscopy) 
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Alginate impressions of the upper arch were made and palatal rugae were analyzed based 
on Thomas and Kotze classification [10]. Palatal rugae were observed for: size, shape, direction 
and unification pattern. Based on size (length), the rugae were again classified as: primary, 
secondary and fragmentary. Based on shape, rugae were interpreted as: curved, wavy, straight and 
circular. Based on direction rugae, were classified as: forward directed and backward directed. 
Based on unification pattern, primary rugae were classified as: converging and diverging (Figure 
1). 
 
  
Figure 1. Palatal rugae. 
 
Procedure for Recording Fingerprints (Dactyloscopy) 
After disinfecting the hand's bilateral palm and fingerprints were recorded by using blue 
inkpad. For this, right hand five digits were guided to the ink stamp pad and pressed firmly against 
the A4 paper. The paper was stabilized on a smooth sponge. In stamp pad and ink method, for each 
child, the impression was recorded 3-4 times, as the third recording was satisfactory and readable it 
was considered in all the children. Then this was repeated for the fingers of left hand. The same 
procedure was repeated for recording palm prints by firmly pressing palm by applying board 
pressure on A4 paper which was stabilized on smooth sponge [11]. Finger and palm prints 
obtained were inspected by the magnifying glass for assessing the predominant pattern such as 
whorl, loop and arch [12] for both Group 1 (malocclusion) and Group 2 (dental caries). 
Atd angles for each palm print were measured by drawing two straight lines through the 
‘A’ to ‘t’ tri-radii and through the ‘d’ to ‘t’ tri-radii and the resulting angle was measured (Figure 2). 
The relative position of three tri radii are captured by A; ‘d’ is usually located on the distal palm 
just inferior to the second and fifth fingers, respectively; and ‘t’, whose location can vary on the 
proximal palm from just distal to the wrist up to the center of the palm [13]. 
 
Statistical Analysis 
The data obtained were subjected to statistical analysis using the Windows Microsoft 
Excel 2016, 64-bit. The fingerprints (dactyloscopy), Atd angles and palatal rugae (rugoscopy) were 
analyzed by Chi-square and the level of significance was set at p < 0.05. 
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Figure 2. Atd angle. 
Ethical Aspects 
Informed consent was obtained from parents/guardians and Institutional ethical clearance 
was obtained. 
 
Results 
The present study was done among 150 children (8-16-year-old) who had attended the 
Outpatient Department of Pedodontics and Preventive Dentistry in West Godavari district with 
malocclusions according to Angle’s classification and dental caries based on DMFT score, for 
identification of specific predominant pattern of dactyloscopy and rugoscopy for predicting 
malocclusion and dental caries. 
The results of Table 1 showed increased loop pattern on right middle finger and 
predominant Whorl pattern on the right ring finger of Group 1A. The distribution of arches was 
predominant on the left index finger of Group 1B and there was absence of arches on the little 
finger of both the hands in all the subgroups of Group1. Loop pattern was predominant in all the 
subgroups of Group1 followed by whorl and arch pattern. 
 
Table 1. Dermatoglyphic pattern distribution on various digits of right and left hands in Group 1. 
    Whorls Loops Arches  
 
Hand 
Class 
I* 
Class 
II** 
Class 
III*** 
Class 
I* 
Class 
II** 
Class 
III*** 
Class 
I* 
Class 
II* 
Class 
III* 
p-value 
Digit 1 Right Thumb 64 11 26 82 18 33 4 1 1  
  Left Thumb 55 12 19 92 17 40 3 1 1  
Digit 2 Right Index 68 9 30 75 19 27 7 2 3  
  Left Index 59 9 30 78 14 27 12 6 3 0.0001* 
Digit 3 Right Middle 36 6 16 109 22 43 5 2 1  
  Left Middle 47 9 22 99 19 37 4 2 1  
Digit 4 Right Ring 88 15 38 61 14 22 1 1 0  
  Left Ring 84 15 33 65 15 26 1 0 1  
Digit 5 Right Little 45 8 18 105 22 42 0 0 0  
  Left Little 43 7 19 107 23 41 0 0 0  
 TOTAL 587 101 251 873 183 338 37 15 11  
Class I* (Group 1A), Class II** (Group 1B), Class III*** (Group 1C). Dermatoglyphics were analyzed in Group 1 by Chi-square and the 
level of significance was set at p < 0.05. 
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Table 2 showed increased loop pattern on right middle finger of Group 2A (Caries free) and 
right little finger of Group 2B (Caries active group). Whorl pattern was predominant on the right 
ring fingers of both Group 2 sub-groups. Significant value (p < 0.05) was seen in dactyloscopy 
patterns of malocclusion and dental caries group. In both the subgroups of Group 2 (Dental caries), 
loop dactyloscopy pattern was predominant followed by whorl and arch pattern. According to 
gender differentiation, Dermatoglyphics did not reveal any specific predominant pattern in both 
Group 1 and 2. 
 
Table 2. Dermatoglyphic pattern distribution on various digits of right and left hands in Group 2. 
  
 
Caries Free (+) Caries Active (++) p-value 
 
Hand Whorls Loops Arches Whorls Loops Arches 
Digit 1 Right Thumb 13 15 2 10 19 1  
  Left Thumb 11 18 1 7 22 1  
Digit 2 Right Index 13 17 0 12 17 1  
  Left Index 9 19 2 12 16 2  
Digit 3 Right Middle 3 27 0 6 23 1 0.0001* 
  Left Middle 6 24 0 9 20 1  
Digit 4 Right Ring 17 13 0 16 14 0  
  Left Ring 16 14 0 14 15 1  
Digit 5 Right Little 8 22 0 5 25 0  
  Left Little 7 23 0 6 24 0  
 TOTAL 103 192 05 97 195 08  
Caries free (+) (Group 2A), Caries active (++) (Group 2B). Dermatoglyphics in Group 2 were analyzed by Chi-square and the level of 
significance was p<0.05. 
 
Average Atd angle on right hand and left hand for Group 1A was 41.60 and 41.47 
respectively, and for Group 1B was 39.23-righthand, 39.17 - left hand in Group 1C was 40.79 - 
right hand, 40.62 - left hand (Table 3). The highest Atd angle was seen on the right hand (41.60) of 
Group 1A. No statistical significance was seen in Atd angles of Groups 1A, 1B, 1C. Average Atd 
angles in Group 2A were 40.93 - right hand, 41.43 - left hand, in 2B 41.76 - right hand and 42.36 - 
left hand respectively. The highest Atd angle was seen on the left hand of Group 2B (42.36). No 
statistical significance was seen in Atd angles of Groups 2A, 2B (Table 3). 
 
Table 3. Average Atd angles in Group 1 and Group 2. 
Groups Subgroups Right Hand Left Hand p-value 
Group 1 Class I (1A) 41.60 41.47 0.47 
Class II (1B) 39.23 39.17 0.47 
Class III (1C) 40.79 40.62 0.38 
Group 2 Caries Free (2A) 40.93 41.43 0.35 
Caries Active (2B) 41.76 42.36 0.35 
Statistical significance was set by Chi-square (p < 0.05). 
 
Table 4 depicts average Atd angles in males and females of Group 1 and Group 2. In males, 
the highest Atd angle was seen on right hand of Group 1A and Group 1C (41.87) and also on the 
left hand of Group 2B (43.13). In females, the highest Atd angle was seen on right hand of Group 
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1A (41.33) and left hand of Group 2A (42.47). No statistical significance was seen in Atd angles of 
Group 1 and Group 2. 
 
Table 4. Average Atd angles in males and females of Group 1 and Group 2. 
Groups  Male Female 
  Right Left p-value Right Left p-value 
Group 1 Class I (1A) 41.87 41.73 0.48 41.33 41.20 0.47 
 Class II (1B) 39.07 39.00 0.47 39.40 39.33 0.48 
 Class III (1C) 41.87 41.27 0.38 39.93 40.20 0.41 
        
Group 2 Caries Free (2A) 40.00 40.40 0.41 41.87 42.47 0.30 
Caries Active (2B) 42.80 43.13 0.44 40.86 41.71 0.26 
Statistical significance was set by Chi-square (p < 0.05). 
 
Tables 5 represent different patterns of rugae in Group 1. On comparison of rugae by shape 
in Group 1 (Malocclusion), wavy pattern was predominant in Group 1A and curved pattern in 
Groups 1B and 1 C. Based on direction, forwardly directed pattern of rugae was predominant in all 
the subgroups of Group 1. Based on length, primary pattern of rugae was predominant in all the 
subgroups Group 1. Based on unification, converging pattern was predominant in all the subgroups 
Group 1. Based on direction and unification, forwardly directed and converging patterns were 
predominant in both the genders. Statistically significant variation (p < 0.05) was seen in shape, 
direction, and size of palatal rugae in Group 1 (Malocclusion). Statistically significance value for 
unification in Group 1 was (p < 0.05). 
 
Table 5. Rugae patterns in Group1 (Malocclusion). 
Variables Class I* Class II** Class III*** p-value 
 N (30) % N (30) % N (30) %  
Shape        
Curved  6 20.0 15 50.0 17 57.0  
Wavy 21 70.0 12 40.0 10 33.0 0.0001* 
Straight 1 3.0 0 0.0 0 0.0  
Circular 2 7.0 3 10.0 3 10.0  
        
Direction        
Forward 27 90.0 23 77.0 23 77.0  
Backward 3 10.0 7 23.0 7 23.0 0.0001* 
        
Size        
Primary 27 93.0 28 93.0 29 97.0 0.0001* 
Secondary 3 7.0 2 7.0 1 3.0  
        
Unification        
Converging 22 73.0 17 57.0 18 60.0 0.02* 
Diverging 8 27.0 13 43.0 12 40.0  
Class I* (Group 1A), Class II** (Group 1B), Class III*** (Group 1C). Statistical significance was set by Chi-square (p < 0.05). 
 
Table 6 represents rugae pattern in Group 2. In Group 2, wavy pattern was predominant in 
Groups 2A and 2B. Based on direction, size and unification forwardly directed, primary and 
converging patterns were predominant in Group 2. Statistically significant  (p < 0.05) was seen in 
shape, direction, and size and unification of palatal rugae in Group 2. 
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Table 6. Rugae patterns in Group 2 (Dental Caries). 
Statistical significance was set by Chi-square (p<0.05). 
 
Table 7 represents gender differentiation of rugae pattern according to shape in Group 2 
(Dental caries) showed curved pattern of rugae which was predominant in Group 2B (Caries active) 
females and no such differentiation was identified in Group 1 (Malocclusion). 
 
Table 7. Gender-wise distribution in Group 2B (Dental Caries). 
Shape Males Females p-value 
 N (15) % N (15) %  
Curved 4 27.0 8 53.0 0.0001* 
Wavy 8 53.0 6 40.0  
Straight 0 0.0 0 0.0  
Circular 3 20.0 1 7.0  
Chi-square test; Statistical significance was set at p<0.05. 
 
Discussion 
Dermatoglyphic and palatal rugae patterns are novel to an individual and these patterns 
help in establishing individual identity [1,7]. Rather, through decades of scientific research, the 
fingerprints are recognized as a powerful tool in the diagnosis of psychological, medical and genetic 
conditions [5]. Analogous to fingerprints rugae also helps in personal identification, so they are 
used as an alternative to fingerprints [6]. 
Dental caries is caused by host and environmental factors. Among these host factors may 
contribute to increased risk of caries [11]. Genetic and environmental factors, which effect 
dentofacial morphology, may result in malocclusion in later stages of development [1]. The 
dermatoglyphic and palatal rugae patterns can be used as oral health markers in early prediction of 
dental caries and malocclusion. The effects of genetically associated factors in dental caries and 
malocclusion and their effect on facial appearance can be evaluated by using noninvasive methods 
such as dactyloscopy and palatal rugoscopy [5,6]. 
Variables  Caries Free (+) 
Group 2A 
Caries Active (++) 
Group 2B 
p-value 
 N (30) % N (30) %  
Shape      
Curved 6 20.0 12 40.0  
Wavy 21 70.0 14 47.0 0.0001* 
Straight 0 0.0 0 0.0  
Circular 3 10.0 4 13.0  
      
Direction      
Forward 25 83.0 25 83.0 0.0001* 
Backward 5 17.0 5 17.0  
      
Size      
Primary 30 100.0 28 93.0 0.0001* 
Secondary 0 0.0 2 7.0  
      
Unification      
Converging 21 70.0 28 93.0 0.0001* 
Diverging 9 30.0 2 7.0  
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In our study, loop dermatoglyphic pattern was predominant in class I, II and III 
malocclusions which was in contrast with the study conducted previously that found an increased 
frequency of whorls in class II and plain arches in class III malocclusion [14]. Some researchers 
suggested that the wavy pattern was prevalent followed by the straight pattern in all the 
malocclusions [15] but it was in contrast to the results of the present study where curved pattern 
was prevalent followed by wavy pattern. On examination of direction of rugae, they were found to 
be directed ‘forwardly’ and ‘converging’ in both males and females of class III malocclusion, which 
was not in accordance with previous results [16] that found 'backwardly' directed rugae in the 
majority of male subjects while the 'diverging' type was prevalent among males in Class III 
malocclusion. In our study, statistical significant association (p < 0.05) was observed between 
fingerprints and malocclusion, which was in contrast with a previous study [17]. 
A similar study on dermatoglyphics in subjects with caries suggested an increase in 
frequency of whorls and decrease in frequency of loops in caries-active group when compared to 
caries free group [11]. But in the present study, there was an increase in the frequency of loops 
both in caries free and caries active groups. There was an increase in number of whorls on the right 
hand in the present study, which was in agreement with some authors [18]. Loop pattern was seen 
in caries active children in our study, which was not in accordance with some authors who found 
predominant whorl pattern in caries-active group [19-21]. Some researchers found increased loop 
pattern on fifth digit of right hand in caries positive children [22], which were similar to the 
results of the present study. 
To study the genetic basis of dental caries and malocclusion effectively, rugoscopy patterns 
can be utilized [22]. The results of our study provide some insight into specific rugae patterns for 
malocclusion and dental caries. Curved rugae pattern can aid in the prediction of dental caries 
(females - caries active) and malocclusion (Class II and Class III) at an early age with respect to 
early diagnosis and establish preventive strategies, and more effective treatment modalities in 
identifying individuals with increased risk for malocclusion and dental caries. 
The limitation of the present study could be the small sample size of 90 children in 
malocclusion and 60 children in dental caries group of West Godavari district, India. So, more 
systematic trials on larger sample size should be undertaken in future to assess the role of 
dactyloscopy and rugoscopy in the predilection of malocclusion and dental caries. 
 
Conclusion 
Based on shape, curved pattern of palatal rugae can be considered as noninvasive predictor 
for Group 1B (Class II) and Group 1C (Class III). Among gender distribution, females displayed 
curved pattern of palatal rugae in Group 2B (caries active). No specific predominant dactyloscopic 
pattern was observed in both Groups 1 and 2. Rugoscopy, a noninvasive method, can help in early 
diagnosis for devising a preventive approach through genetic counseling. 
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